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(F, E) ∈ E
§





ftCD(A, B) = {F, G}
-


















sro xn`Yuvkn`<l2[`kno&[`_3q¢`\¢¤`_r{l2[¦-` l|.`_` r?ln[`\±x&kmlpN-`_x2u{lnspvr¦u{r¡ln[`¢uNk|lHpvX` x&u1l2s¤pNr?pv
L2
sl2[pvq3l
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G = (V , E)
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  	%C0#/ .# / 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 C #/
 D *.)/"! 
M(A, B) 1  
+.@ ) C # D *)'! < M(A, B) -& #.O,	.# 0 *,)/"! "!   M(C, D)*)'! # , <
M(A, B) 1   - & # ,,-% 	#  , / (A, B) E'% * # )#=%! 	# ,	/	A.+,O#/ < O % #) "0/4 (,A#)A	# 0OA*.)/"! "! <
M(A, B) 1
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#/O
(A, B)
 &+O#'  &  #)	# 0O *)'!/'!  & )#/<
- % 	# 1  /	 & ,#/(@#= -& (#/L,@,)& )# ,,-4O%	#/O
(C, D)
  .+,O#/H<>&E@#) 	# 0O *)'!/'!
 (&  / (# ,,- O 	#/O 1  	  '#/)   ! 	 ( ) / %0+,	& )# ,,- O%	#/O
L(D, I)





EO # , #):&JO%	#/O
(D, I)
  &+O#@<
{D, F, H, I}
#




{J, K, L, D, F, H, I} 1
Z\[`l|.p®xnpN-`_xml2s¤`Yko!pNro!`_xnrsr'l2[`XpNknsl2s¤pNrJp{\ln[`±x&k|l?uvr£ln[`¢uNk|l?pvX` x&u1lnspvr-k%p{\l|:p
o pvrkmlnx&u{sr~l2kLu{x2`x2p1©v`YJjiJ¢¤`_^¦^¦u££u{r ¢¤`_^L^6u§¶Z\[`l2[` pNxn`_^ ®[sto&[pN¢¤¢p1k¡ln[`l|:p
¢` ^¦^6uLqkn`_k\s¤lpvx\ln[`o uvkn`;[` x2`%u{¢¢«¢u{ln`_ro!io!pvr-k|l2x2uvs¤r~l2k\uvxn`ds¤r'x2` ¢tu1l2s¤pNr"A§
 .º     E O# # %-=%< ! = *-J#:! 	#.O
G = (V , E)
%O. &#/# O#	.-E/ / '0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M(A, H) ⊂ M(A, B)
°
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G = (V , E)
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M(H, B) ⊂ M(A, B)
°
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G = (V , E)
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#! 	#.O 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  ¾5¾	6Z\[`%x2pjp{sk\^6uv`dji3pvq¢¤`;s^L¢¤sto u{lnspvr5§
 sx2kml_°«:`¡x2p1©v`¡ln[u{lds¤yl2[`6kmi3kmln` ^¸stk;kno&[`Y3q¢tu{¢`l2[` r pNx u{x2`¡k2u1l2skm±`_5§­.`Yo uvqkm`¡ln[`
kni3k|l2` ^sk?kno&[`Y3q¢tu{¢`¦ln[` r ln[` x2`sk?u1l¢`_uNk|l¡pNr`k2o&[`_3q¢¤`
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? 5 5 B
 xnpN^ 5_¦u{r- 5+5{°:`dpN3l2uvs¤rl2[u1l ¦stkknu{lnstk|±`Y«§
­:`_o_u{qkn`.`³u{x2`s¤r ln[`'o_uvkn`'p{¯¢tu1l2` ro io!pNrk|l2x2uvs¤r~l&k?[so&[·u{x2`
rp{l`~quv¢:lnp£ln[`®knq^ pv










¨£`'xnp1©N`rp1)ln[u{lLs¤ pvx sk¦k2u1lnstkm±`_ln[`_r l2[`kni3k|l2` ^ stk¦kno&[`_3q¢tu{¢¤`N§Z\[`'s3`Yuµpv
l2[stkx2pjp{%stkl2p qs¢t uk2o&[`_q¢¤`[sto&[ knu{lnstk|±-`_k6l2[`µ¢tu1l2` ro i o!pvr-k|l2x2uvs¤r~l2k_§  sx2kml_°:`µknq3¥
XpNkn`
ln[u{l µstk6knu{lnstk|±-`_«§ ¨`³o pvrkns` xLln[`®k2o&[`Y3q¢`

















§y­:`_o_u{qkn`;p{?l2[skkno&[`Y3q¢`%knu{lnstk|±`Yk:ln[`%¢tu1l2` ro io!pNrkmlnx&u{srNl&k §
¨£`dknqXpNkn`¯ln[u{l0¡sk\k2u1lnstkm±`_«§HZ\[`dx2pjp{«pv¢¢p1kyl2[`dk2u{^¦`¯xnsro s¤¢`_k\uNk<X`!pNxn`¯qkmsr?ln[`




 svqx2`(5_Fyg3o&[`_3q¢`%s¢¤¢qkmlnx&u1lnsrLln[` pvx2` ^0
C A D B
 svqx2`(5 OFyg3o&[`_3q¢`%s¢¤¢qkmlnx&u1lnsrLln[` pvx2` ^0
ÁÂÃ5ÁÅÄ
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O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 *,-J&	.,  &:EO # 04	%	, /
/"! <J&4 / 
# ,,-J./% 	#0>+ 
//O #  - 	#/0/$*)'!/'!J  &:)# ,,-J% 	#A*,
#/  .O	# 0O:*)'!/'!   O4&	$)# 
-;/%	.#O 1    '# 
 	J '% 	# %>%O.0 1
 ºj¾  º     ,
G = (V , E)
*.># ! 	#   K"! #$%-=%< #/
 # #/	&-  / '0;# ,,-
/%	.#O #/	  , - #	:	,# 0 A 1   %-=% ,   .O)#+*,)  )#
 O - )&- ),/	#+.O#	
(A, B)
 / 0.>#)# 
-EO 	#/OL O= - #/
 / '0    	.,)#/0/ A /H&
n
#/	
(Ci, Di), ∀i{1, 2, . . . , n}
-  / 0. )#/<






















j < k < m < n
#/	 & 







































{m + 1, . . . , n} 1







sB − sA + CB ≤ LAB
°
∀L(A, B) ∈ S
§µ­:q3l


















































sA + CA ≤ sB + CB ≤ sCi + CCi ≤ sDi + CDi
u{r-
sCi + CCi ≤ sDi + CDi ≤
sA +CA ≤ sB +CB
u{x2`<pNxns` r5§LIFlyx2` ^6u{srk%-p~knkns¢¤`o_uvkn`_kpvxyk2o&[`Y3q¢s¤rdl2[`u{sx&k
(A, B)uvr





sA + CA ≤ sCi + CCi ≤ sB + CB ≤ sDi + CDi , ∀i ∈ {1, 2, . . . , j}
;
3§
sCi + CCi ≤ sA + CA ≤ sDi + CDi ≤ sB + CB , ∀i ∈ {j, . . . , k}
;
§
sCi + CCi ≤ sA + CA ≤ sB + CB ≤ sDi + CDi , ∀i ∈ {k + 1, . . . , m}
;
§
sA + CA ≤ sCi + CCi ≤ sDi + CDi ≤ sB + CB , ∀i ∈ {m + 1, . . . , n}
;
­:`_o_u{qkn`¡pv.¢` ^¦^6u
°Sln[`6o uNkm` 5?s^¦¢s¤`Ykl2[u1luv¢¤¢pvX` x&u1l2s¤pNrkX` ¢pvrvsrl2p
M(A, E), E ∈
Γ−Ci,Di(AB),













°sD§ `N§pvX` x&u1lnspvr-k<X` ¢pvrNs¤r¡l2p





Di, ∀i ∈ {1, 2, . . . , j}
§
­:`_o_u{qkn`%p{H¢` ^¦^6u6°-ln[`?o uvkn` 5%s^L¢¤s`_kln[u{ldu{¢¢5pN-`_x2u{lnspvrkX` ¢pvrvsr¦lnp
M(E, Di), E ∈
Γ+AB(Ci, Di),




















M(Ci, E), E ∈
Γ−AB(Ci, Di),










°¯ln[`£x2`_kmlpv¡pvX` x&u1l2s¤pNrkX` ¢pvrvsr l2p
M(Ci, Di)
°dsC§ `v§0pvX` x&u1lnspvr-kX` ¢pvrNs¤rlnp








M(E, B), E ∈
Γ+CiDi(A, B),











°jsC§ `v§pvX` x&u1l2s¤pNrkHX` ¢pvrNs¤r;lnp





















































j, k, m ∈ N
uvxn`¯ln[`%r-u1lnqx2uv¢«r~q^¡X` x&k:pvx[sto&[l2[`;pv¢¢p1s¤r¦x2` ¢tu1l2s¤pNrk\u{x2`;k2u1l2skm±`Y F
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∀i ∈ {j + 1, . . . , k}
°





∀i ∈ {k + 1, . . . , m}
u{r








∀i ∈ {m + 1, . . . , n}
§
 ¯kmsr
L(A, B) ≥ sDi − sCi + CDi
°X:`¡pN3l2uvs¤rµs¤r` ~qu{¢sl|i;? 5Y/B!§dZ\[`L3sxn`Yol¯s^¦¢so_u1lnspvrµsk
xnp1©N`_«§
¨£`%x2p1©v`dln[`%srj©v`_x2kn`¯s^¦¢so_u1lnspvr>§H¨`%[u²©N`;s¤r` ~qu{¢sl|i ?95Y Bknu{lnstk|±-`_pvx`_uNo&[
-u{sx
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G = (V , E)
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CA =
1, ∀A ∈ V














(H, J) 1   .O)#+*,  -;./
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k2o&[`_3q¢¤`L[sto&[
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 svqx2`(5YFygji3kmln`_^0s¤ln['¢u{ln`_ro!io pvrkmlnx&u{sr~l2k:srx2` ¢tu1l2s¤pNrA
t=0 t=1 t=2 t=3
D A B E C H I F J
 svqxn`(5 OF g3o&[`_3q¢`%knu{lnstk|ijsr6u{¢¢5o!pNrk|l2x2uvs¤r~l&k
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o pvrkmlnx&u{sr~l2k\s¤ln[®uv¢¤¢5-u{sx2ksr³x2` ¢tu1lnspvr8:8-uvrEA pvr'[sto&['¢u{ln` r-o!i
o pvrkmlnx&u{sr~l2k5uvxn`Hs^¦-p~km`Y«°².`<xnp1©N`_¯ln[-u1lukmi3kmln` ^ s¤ln[¡uv¢¤¢vln[`y¢tu1l2` ro ido pvrkmlnx&u{sr~l2k«:` ¢¢¤¥F3` ±r`Y
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LAB ≥ CA + CG + CH + CI + CB + CC + CK
LCD ≥ CC + CI + CJ + CK + CL + CD + CM+
CN + CF + CH + CB
LMF ≥ CM + CN + CF
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S = {sO ≤ sP ≤ sR ≤ sE ≤ sA ≤ sG ≤ sC ≤ sK ≤ sI ≤ sH ≤ sB ≤ sM ≤ sN ≤ sF ≤ sJ ≤
sL ≤ sD}
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G = (V , E)




E ⊆ V × V
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ln[`kn`!lpv`Y3v`Yk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¢tu1l2` ro i?o pvrkmlnx&u{sr~l2kln[` r
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Fpvx
(A, B) ∈ W
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W = W\{(A, B)}
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W 6= ∅
l2[` r'Np{lnp6g~l2` ;5v°3`_¢kn`dln[`uv¢¤Npvx2sl2[^)kmlnpv-k §
¨£`3` rpvln`\ji
LX
l2[`km` lpv-¢tu1ln`_ro!io pvrkmlnx&u{sr~l2k[sto&[Luvxn`.s¤rLxn`_¢u{lnspvrA£sl2[?pvln[`_x¢u{ln` r-o!i
o pvrkmlnx&u{sr~l2kuvr³[sto&[µ3p
rp{ld[u²©v`;l2[`¦3sS` x2` r-o!`¡X`!l|:` `_r³ln[`¡©1u{¢q`¡pvHln[`?¢u{ln`_ro!i³u{r-'ln[`
knq^p{\pvX` x&u1lnspvr-k¯X` ¢pvrvsr'lnp'l2[`6u{sx%stk%`~quv¢Hlnp
0
§6¨ sl2[pvq3lLu{rji®¢pNk2k;p{\v` r` x&u{¢sl|iN°5.`

































(  ¾      







sT = 0, CT = 0
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∃L(C1, D1) ∈ LX
u{r
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(A, B) ∈ L
ln[` r













(A, B) ∈ L
u{¢pvx&k
sA = sT + CT
s¤ln[
L(A, B) =
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G = (V , E)








L(A2, C2) = 10
#

L(B, C1) = 9 1
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(i+1) th patterni th pattern
 s¤Nqxn`(5 F  dx2uv[s¤¢¢¤q-k|l2x2u{lnsrLln[`%k2o&[`_3q¢¤sr6u{¢vpNxns¤ln[^ 
m(A1) m(A2) m(A3) m(B) m(C1) m(C2)I rs¤lnstu{¢sk2u1l2s¤pNr
∞ ∞ ∞ ∞
 5Y
L(B, C1) ∞ ∞ ∞ ∞
 5_
L(A2, C2) ∞ ∞







  g~l2` ®
sA1 = 0
{A2}
  g~l2` ³
sA2 = 2
{A3}






 5 g~l2` J5
sC2 = 7
{C1}
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l2[`l|:p6uvs¤x&k[u²©N`3s X`_xn`_rNl¯^¦uvxnª3k¯u{rl2[` i's¢¤¢-`Lkno&[`Y3q¢`_'`_sl2[` x¯s¤r³l2[`pN¢¤¢p1sr6pvx&3` x
sA + CA < sB + CB < sC + CC < sD + CD
°>` s¤ln[` xsr£ln[`6pNx23`_x
sC + CC < sD + CD <



















§\­:`_o_u{qkn`;ln[`_xn`%stku6-u1ln[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§LI rl2[stk.o_uvkn`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sA + CA <
sB+CB < sC +CC < sD+CD
°{` s¤ln[` xs¤r¡ln[stkpvx&3` x
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(A, B)
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